Introduction
Recently, porous ceramics with high porosity, high specific surface area, low density, low thermal conductivity, and other unique properties have attracted much attention for their potential applications as catalyst supports, filters, thermal insulator, and bone substitutes, etc. [1] [2] [3] [4] . At present, lots of processing routes have been used to prepare porous ceramics, such as direct foaming [5] [6] [7] [8] , freeze casting [9] [10] [11] [12] , replication of polymer sponge [13] [14] [15] , and adding pore-forming agent [16] [17] [18] , etc. Among all these methods, adding pore-forming agent has been extensively used to prepare porous ceramics due to its simple preparation process and low cost. However, irregular pores and non-uniform pore distribution could be observed in the prepared porous ceramics using common pore-forming agents (such as starch). Therefore, choosing proper pore-forming agent is considerably important. In recent years, ceramic poly-hollow microspheres (PHMs), a kind of special material with porous microstructures, have been  successfully produced via combination of particlestabilized foams and centrifugal atomizing technology [19, 20] , which could be used as novel promising pore-forming agent to prepare porous ceramics.
In 2014, Su et al. [19] prepared porous Al 2 O 3 ceramics by gelcasting using Al 2 O 3 PHMs as pore-forming agent. In addition, Qi et al. [20] proposed a novel route to prepare porous ceramics using Al 2 3 , respectively. Figure 1 shows the scanning electron microscopy (SEM) micrographs of the calcined Si 3 N 4 and Al 2 O 3 PHMs. It is found that many micro-pores exist in Si 3 N 4 and Al 2 O 3 PHMs, which would form final pores in the prepared ceramics.
In gelcasting process, deionized water was used as solvent. Acrylamide (AM, Sinopharm Chemical Reagent Co., Ltd., China), , -N N methylenebisacrylamide (MBAM, Sinopharm Chemical Reagent Co., Ltd., China), and 30 wt% ammonium polyacrylate (PAA-NH 4 , Zibo Jinghe Chemical Dyestuff Co., Ltd., China) aqueous solution were used as monomer, cross-linker, and dispersant, respectively. Meanwhile, initiator was 3 wt% ammonium persulfate (APS, Sinopharm Chemical Reagent Co., Ltd., China) aqueous solution and catalyst was , , , N N N -N tetramethyl ethylenediamine (TEMED, Sinopharm Chemical Reagent Co., Ltd., China).
2 Sample preparation
The flow chart of the preparation for Al 2 O 3 -based PHM ceramics by aqueous gelcasting using Si 3 N 4 and Al 2 O 3 PHMs as pore-forming agents is the same as that shown in Ref. [22] . Concentration of the premix solution was 13 wt%, and ratio of AM and MBAM was 20:1. Al 2 O 3 ceramic powders and dispersant (1 wt% PAA-NH 4 , based on Al 2 O 3 ceramic powders) were added into premix solution to make slurry with solid loading of 20 vol%. Strong aqua ammonia was used to adjust pH value of slurry at about 10. After ball milling for 12 h, the slurry was degassed for 10 min, and then the maximum calcined ceramic PHMs (158 wt%, based on Al 2 O 3 ceramic powders) were added into slurry. In this process, the percentages of Si 3 N 4 and Al 2 O 3 PHMs were different. Table 1 
3 Characterization
Phase analysis was conducted by X-ray diffraction (XRD) method using Cu Kα radiation (D8 ADVANCE, Bruker, Karlsruhe, Germany). Microstructures of the samples were observed by environment scanning electron microscope (ESEM, SSX-550, Shimadzu, Kyoto, Japan). Shrinkage of Al 2 O 3 -based PHM ceramics was calculated with the following formula: Fig. 3(c) Figure 5 shows [25] . Accordingly, with the increase of z value, hardness, flexural strength, and other properties of the samples could be deteriorated [26] 
2 Properties of the samples

